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- ABSTRACT

* ‘Measurement of the indicated discharge of a 12-in. propeller-type open-
+flowmeter in:laboratory tests showed that the deviations caused either.- - .-
" by:the change in:outlet geometry or by.the change in.submergence.of the -
“outlet pipe did not'exceed the normally specified meter accuracy of +or ==

=2%. The meter was calibrated with the outlet pipe discharging first into - '

an open box (unconfined.outlet) and then int6 a confined outlet, similar.to "

e USBR farm-turnout design. - Calibrations were made for 2 water depths -

. . ‘in‘edch outlet type to study the effect of submergence on the indicated dis~ - -
- .charge.. .Over the rated range of discharges(0.45 to 4. 5.cfs) the difference : .

~in’indicated:discharge for the 2 outlets was less than 1.7% with the maximum

R ‘deviation:occurring at the lowest discharge (0. 45 cfs). The maximum varia-

. tion'in’indicated discharge caused by an-increase in submergence of the out-
et pipe-of 1.3 pipe diameters was less than 0.6% for;the open box and:less

| “.than 2. 0% for the farm turnout. ' The effect of'changes in submergence of - =
.. “the’outleton indicated discharge is not significant,  as-indicated by best-fit = -

~calibration curves, provided that the furnout pipe exit remains fully sub- - -
‘merged, The farm turnout tested is probably the minimum size'that should .~
- be.used, because any decrease in cutlet well size would cause increased -

"-"tii_rbﬁlence7in',the_':canal_-_section_. anc_i'lcould;ca_l_i_s'e-erq_si“gn'of the dowmstream .

embankment. - .
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. ]NVES'I‘IGATION OF THE. EFFECT OF TURNOUT GEOMETRY '
' -~ . ON THE REGISTRATION ACCURACY OF A
PROPELLER-TYPE OPEN FLOWMETER

SUNIMARY '

. The purpose of this study was'to determme ‘whether a change in the
- design of outlet structures for farm turnouts. would affect the accu=-
" racy. of discharge measurements made with an open~flow propeller
. meter{Figures.1-and 2). The study was carried out in conjunction '
- “.with the Bureau of Reclamation water-measurement. program. for .. -
o developmg and 1mprov1ng Water-measuremenf_—_f_iemces. o

R The discharge characterlstlcs of a 12-1nch propeller-type open ﬂow-
. meter:were studied for two outlet confiqurations in a full-scale:lab-
L ”_oratory model.. For the initial outlet configuration, the turnout pipe"
- -discharged water into a 6-foot-wide, -6-foot-deep open box. 'The open B
-box was made. sufficiently large to not restrict.the capacity of:the:out- - o]
.~ let or have an effect on the registration of the meter. A second con- -~ < ..}
o _Eflguratlon, an outlet structure which tended to restrict the outflow. but
. represented a practical field design, was constructed in the open box. :
. This structure included a standard depth transition and a vertical well, -
-+ the depth of which could be changed in the design as ‘necessary to allow )
- "-fo\r the difference in elevation between the turnout pipe exit and the
. mvert of the lateral,’ Figure 1B, Dimension W. Thus, a standards
A apron slope and warp of the transition could be used :for all turnouts
. .. of the:same size by varying the depth of the well. 'The water ﬂowed
v -through:the outlet: transition to ‘a representat1ve ca.na.l sectlon F1q— _
"':'_uresl 2,Ja.nd3 - _

U The dlscharge through the: propeller meter was: measured by volu.metrl- Lo
. :cally:calibrated Venturimeters permanently ‘installed in the laboratory. .
.- The discharge ratio, -indicated propeller meter discharge to actual pro-- 7
- peller meter. discharge, ‘was used as a measure of the accuracy of'the = .
“-open flowmeter in-each outlet conflguratlon. .Calibration curves were: '~
determined.from points plotted with'the discharge-ratio as:the ordinate - _
and the actual dlscharge as. the absc1ssa _Met_er_ calibration: curves.were . -




“determined for two water depths in- each outlet conflguratlon to mdlcate
- the effect of submergence on the meter calibration. .

‘The- resulting calibration curves showed that, over the rated range of
d.'lscharge, the differences between the discharge indicated by.the meter

- in the open box and in the turnout-configuration were less than 1.7 per- - -
" cent, with the maximum occurring at about 0.6 cfs (cubic foot per second),
Figure 6. -Also, for the rated range of discharge, the change in dJ.scharge
ratio caused by submergence of the outlet pipe was a maximum of 0.6 per-
“ cent at a discharge of ‘about 1.5 cfs in the open box and a maximum of 2.0
percent at a dlscharge 0of 0.5 cfs in the farm. turnout Flgures 4: and 5.

INTRODUCTION

: The design of t‘LII"lOllt transition. structures for. prope]ler meters has. been
P similar to the transition shown in Figure 1A in which the apron slopes
. from the elevation of the outlet pipe invert to the invert of the lateral or
‘canaly” Because-the vertical distance between the canal water surface and .
< theinvert of the outlet pipe varies for turnouts on‘'a project and can be as -
much as 10 feet, the slope of the transition invert can become steeperthan
. 1:1 causing difficulties in construction. - A modified design that maintains _
‘the same‘transition apron slope and warped section for each turnout includes -
~awell just downstream of the outlet pipe to compensate for the differences
_in elevation between the ground surface and the invert of the outlet pipe._.
: (Flgure 1). Previous studies of propeller meters have been concerned -
- with the first type of transition and this study was initiated to determme
- E.'hhether or not: the change in turnout de31gn affected the reglstratlon of -
e meter .

J ,CAL:_[aRATIoN -FAC]LI'I‘IE'S!' .

._T‘ne meter used for this study was 219 mch propeller-type open flow-" T
~.meter: with a 10~ -incn-diameter plastic propeller, :Figure 2A. Prior to

‘the calibration. studies; ‘a new propelier and matchmg gears: were sent -
from the factory and installed by factory representatives. The flow of
‘water:past the propeller was indicated on a totalizer register, :similar

.to an odometer, located in the meter head. The totalizer could be read
itothe. nearest O 001 acre-foot: (43 58 cub1c ;.eet) The meter head ‘con-"

;ineedle, readmg in cubic feet ‘per: second The: rated range of d1scharges
: orth:ts meter ina. 12-1nch plpe is- from 0. 45 to 4, 50 cfs :

The‘laboratory model used for this study mcluded a: 6-foot-deep by 6-foot-:- S
1de by B—foot—long open-top box. 5 .The mlet p1pe was 12 mches m m51de




‘diameter and had a 2-foot-long transparent plastic section for visual
“inspection of the flow just upstream from the inlet to the open box. =
Fiqure 3 shows the laboratory model with the farm turnout and pro-
~ peller meter installed.. The open flowmeter was attached to the. ,
upstream headwall of the model box with two standard mounting brack-
ets supplied with.the meter, Figure 2B. Submergence of the inlet pipe .
L ‘was r ated by an adjustable overflow gate at the downstream end of -
.o the model-and was measured with a-staff gage mounted on the inlet head-
- 'wall, Figure 3A. .. P S S -

~ CATJBRATION PROCEDURES

- Test discharges were measured by a 4~, 6-, 8-, or 12-inch volumetri--
cally calibrated Venturi meter known to be essentially correct.” The
" ‘total indicated volume of water in acre-feet passing the propeller during
Pl a measured time interval was determined from the difference between
; .. the totalizer readings at the start and at the end of the time interval.
- The discharge indicated by the meter was computed by dividing the total
indicated volume:by the time interval of the test, ‘and converting the dis-
~.charge in acre-feet per second to cubic feet per second. In general, the
- ‘time required for each test was between:3 and 15 minutes and the range -
" of indicated volumes between 0, 002 acre-feet (87.12 cubic feet) and 0,10
. acre-feet'(4, 356 cubic feet). The discharge ratio, used as a.measure of
. the accuracy of the meter.in the turnout, was computed by dividing the
, indicated meter discharge by the actual discharge measured by the
- Venturi meter. During each discharge measurement, the instantaneous
- .flow-rate indicator was read and -compared with the discharge computed
from the totalizer readings. S S

08 ‘

":Me'tér:fcalibration with Open Box

- To serve as a standard of comparison, the initial calibration of the meter - .
- was determined for the turnout pipe discharging into the 6~loot-wide by
- ‘B-foot-deep open box. The effect of the proximity of the sidewalls and '

J#'bottom of the open box:on the flow passing the meter propeller was con-
-, 7 ¢ sidered to be negligible.. For the ‘initial calibration, 83 tests were made
i for discharges ranging from:0. 25 to 7. 0 efs, and a water level .in the:box _
about 2.3 feet above the top of the turnout pipe, Curve No. 1, Figure 4. = =~ =
To:determine:the effect of 'submergence of the outlet pipe on the calibration . .-
.of .the meter, 23 measurements were made for discharges ranging from - - -

'0..30it0 5,45 cfs, and a'submergence of 3.6 feet in the open box, Curve

~No. 2, Figure 4. AR s
. Metér Calibration with Turnout Fxit Structure

" Following the initial calibration, afarm turnout for a 12-inch propeiler - ¢
- méter, rsimilar:to:the farm:turnout design for the South Gila‘Valley Unit =~
. distribution: system, was constructed’in the model, ‘Figures IBand:3. = = .




¥ The turnout was. fabr1cated of plywood but the vert1cal to 1-1/2 1 S1de
' __"sII'.Opes of the transition sect1on were constructed of cement mortar,

: ‘:‘Ihe meter callbratlon for water at design depth in the downstream or .
-canal section.of the“model was determined from 29 tests for discharges
" ranging.from 0. 25 t& 6.52 cfs. .For discharges greater then 3.5 cfs, -
- -the water suriace. in the: outlet and in the canal downstream was extremelyl.'
rough and the adjustment of the water surface was difficult, Figure 3B,
. "_’Ifhe surgmg ‘of the water in the exit structire could have caused fluctua-.
. tionstin the velocity and changes in the vélocity profile of the water ap-.
- -proaching the meter propeller. These fluctuations may have resulted
. in'an unsteady registration of the totalizer that would not have oceurred
~- for a tranquil water surface at the same average. elevation. “The callbra- .
. tion-curve for the farm turnout at. de31gn water depth is: Curve No. 1, .
Flgure 5 R T o . -

3 To determ.me the effect of submergence on’ the callbratlon of the meter :
in. :the'turnout, a series of tests were performed with a minimum water .~
‘depth ‘in - the canal section of ithe model %ad]ustable overflow gate lowered =
‘completely). The submergence for this test series ranged from:2.2 to-

. 3.2 feet-and’ averaged about 1 foot lower than the submergence when the

. ‘water in'the canal section was at design depth. Fifty-eight tests with

discharges ranging from-0, 25 to 8,80 cfs were run with the minimum o
‘water depth.. The callbratlon curve’ for mmlmum water depth in the tu.rn-—, o
-.out is: Curve No. 2 Flgure 5 TR : | 3

e !)
DISCUSSION OF RESULTS

'-CJ :

'j.‘Ihe genera.l shape of a]l the. ca_hbratlon curves is s:Lmﬂar. A rather S
sharp:dip or change in slope, Wwhich is typical of calibration curves for ..
~this:type of meter, occurs-at about 2 cfs:and:a sharp decrease in'the
_-‘dlscnarge ratio occurs for:flows.less than about 1 ‘cfs; Figures 4 and. 5
“For:the meter installed in‘the-open box, ‘the effect of: submergence on'
‘discharge ratios:was slight fer the rated .range of discharges." The
alibration curves drawn.as: ‘best-fit: curves through the'data. pointsfor . ‘~:I‘
submergence indicate that the variation indischarge. ratio, ‘caused .
increase:in water:depth:of 1. 3:feet in the-open: box, - was: not: greater o
6:percent with'the'maximum occurring at:about 1. 5:¢fs, Figure 4.
rthe meter installed:in the farm. turnout, ‘the effect of. submergence on -
‘meter; calibration.was dlso ‘{mall.: The maximum variation.in: dlscharge
o, as: shown by the’ best-=fit'curves: through the data points for each. sub-. _.
2.0 percent with the maximum’ occurrmg at about 0 5=cfs R j'.
f;.ldlscharge, Flgure Q. R R R P R

Th callb' t1on urves for, the meter in. the' open box w1th a submergence
3.6 eet-and ‘meter inithe turnout - with the flow:in, the; downstream
WL _ 81g'n depth were'in: .good-agreement, Flgure 8.. The::
“for:theitwo. ‘exits were nearly ‘the:same: and :

ere’ caused by elther the o




. _'large variance: in datcz or t.he difference in outlet geometry The
maximum difference of 1.7 percent in the discharge ratios forthe
‘two calibration curves occiurred at the lower end of 'the rated dis~ -

- charge range(0.45 cfs). The discharge ratios for the meter in the -

‘farm turnout-are lower than for ‘the open box for discharges below . '
-~ . 1. bcfs. "Above l.5 cis, ‘the: cal1brat10n curves-are very: close and ~ ;
...'.dlf_ferlessthano 3percent U DT

e ;-f --:Prev1ous laboratory studles of open-—ﬂow propeller meters _/ a.nd
;. mamufacturers' rating curves show that a sharp decrease in accuracy

“or discharge ratio at low discharges‘is characteristic of propeller-
“type meters; however, ‘this.decrease in accuracy usua.lly occurs at
' d_tscharges below the rated range. For this meter in thetwo outlets

- rstudied, a'decrease in accuracy of about 5 percent occurs from 1.0
soooen efs: down to 0. 45 cfs, or within the rated discharge range. “The -~
- . accuracy .of open-flow propeller. meters.of this type within the rated -

- -.discharge range'is normally specified-at ¥ 2 percent a.ud the change
- .in accuracyof 5. percent for this meter is:n excess of} these accu-

ey ;_',j_-‘racy 11n11ts.. e

o fThe turnout exlt structure shown in. F1gure 1A ha.s been used on

| - '‘Bureau. projects and has'been tested-thoroughly in*previous studies. 1/

' 'Theé change in geometry from the farmturnout désign, Figure 14, to - -

o the deS1gn studied,: Figure 1B, ismot ag severe as & change from the .
- iopenibox to-the farm. turnout tested Because the differeiices ‘in meter
- -calibration curves for the open box-installation and the farm turnout
;. “tested ‘are:small, the differences between the calibration ¢ curves for -
o the two farm. tumouts would be‘even smaller. Therefore, itestson o
L ::_‘the turnout des1g'n, F1gure 1A were not mcluded in’ thls study '

_=:Dlscha.rges indicated by the meter were a.bout 7 percent h1g11er than
..the actual dlscharge in both outlet .configurations for:discharges / oo
“between'1.0'and 4.5 cfs. ' The 77 percent .overregistration didinot -

-,_-af_fect the:determination-of the: changes in‘the meter cal1brat1‘ n cpused
_by:changes ‘in‘outlet: geometry ‘However, ~the -overregistrati indi- -

L cated: ‘by. the discharge ratiois: 81gmf1cant because the mete
. used’in.a: field: ‘installation where:correct: d1scha.rge measur

simportart, - The instantaneous flow indicator read 0.30 cfs: hlgher than' .

I the dlscharge computed frorn the totallzer for the full range of d1scha.rges
CONCLUSIONS

a.nges in. submergence of- the outletu on the’ mdlcat

s:propeller-type open:flowmeter isinot s:.gmﬁcant as
__st—:glt:,call tion: RyEee :




charges greater than 3.5 ofs ‘may ha_ e esulted
ionof the'totalizer,  Th¢ farm"turnoutr ested
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Figure 3
Report Hyd-545

A. Laboratory model of farm turnout with propeller
meter installed,

PX-D-48336HA |

; B Farm turnout model with water at design depth,
: Discharge = 5.0 cubic feet per second,

OPEN FLOW METER TURNQUTS

LABORATORY MODEL OF FARM TURNOUT
FFOR OPEN FLOW PROPELLER METER



TDTSCHARGE.

'VENTURI

6. GURVE.Q = INLET PIPE SUBMERGENGE = B.3 FT.
"9 CURVE ‘2.~ INLET. FIPE; SUBMERQENCE m.3. SFT.
INnmATEs TWO POINTS




ﬁ DUR\'E l - FLOW I DOW“STREAM SEGTION
: DES(GN WATER .DEPT

o 'CURVE 2 - rLow IN.DOWNSTREAM, secncn
WMIHIMUN WATER DEPTH. : . .
PIPE SUBMSROENCE FROM
2.2 FT. 70 3.2 FT. : _

INDIGATES TWO POIN TS

-G 3MMOLS

S5 QAW 1HO43Y




- nowns mavs oy 0

VOIONI ..
NiHILIN -
) NI N3LIN -

Q3LVO IONT,




cmvmsxmrms—-mnmnmlmxcmmurmsmm

The: ruuw!.ng cmmaimfactwsldupwdhy theBuremofneclmtinn n.reﬂnmmbuahedw Lheanerlun Sod.m tar
Testlyg and Materials (ASIM Metrie Practice Guide, Jamuary 1964) except that additicnal fectors {#) comonly:used in .
the Bureau have been sdded, hn-thgr d;l.musdun of’ daﬂni'uma of qul.ntitiu und \mitu ia glven. oo mes 10-11 o:r il

ASTM Metric: ?ran‘t.ice Cudde, - .. _

"Whe metric urits and mvuﬂun factors a.dap'r..ed hy the' ASTH are based oo the 'Intmtiml Sy!taa of Tnits”: (dcnignﬂ.ad' j

St far Syeteme Intermational d'Unmites),’ fized by the Internstional Comittes:for Welghts and Meagures; this: aystem is -
» . &leo koown as the Glorgl or MESA (peter~kilogran (mass)-—sasond-azpere) yetem, m:mhubemmptedwthe :

Inten:timl .Organdzaticn for ‘Standerdizaticn in 150 neemmda:uon R-31

'W'meut.rict.ec.hnlaumnottorceiathemugrm-fme,thiu iuthefme!hieh thmapplientonbu:yhningn S

cmasp’ ol 1ky, gives it -an accelerstion of 9,80655. fi/een/ses,  the standard ncceleration of free fall -tovard the earthfa .
‘eent.er for sen level st 45 deg latitnde, The metrdc nmt- a: foree in"SI urmits 16 the newton (N), which 44 defiped ma
. “wideh,. 'h:nappnedtoahmmﬂngamsatllx,u "acceleration of 1 w/6et/oec, Thess unlts
H't:l.‘nm.ﬂ.nhed from the ' (inconstant ) local welght of :
thnt Teree with which-a body. lo atirasted to the ssrth
- necelerution dus to gravity. However, becanse it is general:
corregt tem "pound-foree, ' the term "klogran™: (cr’derived mass

' -.tme':l.nupreuingthemmm r-ctaretnrfmu nnnn-hununit

: -'“'enmtm:lnsrunits. .




L HUSPEDdD”

..g.u.
.-Slu EEI and nnluﬁ,.

S uv.«l«..ﬁﬂ u!— J._..opo._.u_ g
R .Aoiou 0001RD UTATEX S0 MNENTRD * * 7
' L paooss Jed eIsiem sdwnds v

n-_.!_ !!.6- u!— qu-__ uﬂuo._".u_ b

b-...v aed ua._.ln E.!E- .n!.u .nm.,ﬂ..ﬁ «.‘

aS!SEo ..& ; E.. -
. aeyea ke ol mae T

o ST o -uﬂﬁm
A .Euh.ﬁ!rn,.-&-ﬁﬂao.,
;9907 eavabe 2od sdmeTTIMN.
* 3003 opine Jad ESTINSTTTIN
b »oo.__uﬁ TP Ixphsifo-mmy
LT T " (anpmen.
.‘ -ano:»na Esu-a&-ﬁa.._

T I myron

i ..?uﬁx& NIep yTequAITe

v Abﬁ-ngﬂ.& Paooea Ied 1983 arenda

BRI ISt AR LR .n.bv.—ﬂoon._..rv

i geey !.-..du u!— X 3eR-pAnOg

.t gt . ' . (wBwlaen) Lap
DT D aed »Bu r:_ao- n&.ﬁ& oY -

R

T e

. 233??5..&.&.%.1.! i
weiod ojiion *-!
@ 3\!5 '

T Bap Bpp it
ﬂ_!ﬂ:i\__iq ] B ..J

N ..n% =T
O 9 Rep wwiliieg ¢

L. oaBpgm YR By
: o ﬁ-u uu{zu-«.:!

o o Bap .NI y/m Ten By ‘.

"o Bep u am/Tes By

R .u-.v.a\sa._-ai. '

R ABE:ES TR AL
Lt e <1044 3ep qr/mg
'y . Ahﬂul-u n-on ‘o) § %op Qg
4 e ROAIR T T

d_.E-ﬁ. wry .m.v ..sm\nﬁ.,ﬂm ux_
:E«ﬂ oy 4 freme A\n..a_a
PR A8 AT YA MG

35«8099 Temion,
... __:-...utué.a .

SRR 4 ey

YL (ATyiwe) gzEtZ .
H e e gty

SRS H .,,.“....ua..o.




‘up-asgoduy e Aq pasTed: abIeydsIp payeDdIpUY UY Uot}
: ) eBIBYISTP 1SaMOT aY) 18 DUTIIND00 UOTBIASD.
: S19TIN0 2 SUy 107 ShIelosIp patedy
oBanyostp Jo-ebued paed sl J8ag -

qne-j0'10851s aul 4p ada}

* -ufifsep Jhouan)-




T : _
o 'Bgockwa . '

.-:'II\IVES'I‘IdATION OF THE EFFECT OF TURNOUT. GEOMETRY= ON. ’ItHE

REGIS‘I‘RATION ACCURACY OF A PROPELLER—TYPE OPEN-FLOW

meters/ tumouts/ discharge maa.surement/

- hydrauliés/ open channel’ flow/ hydraulic. models/ model tests/ irri=

. gation/ irri;_[lation OLM/ Wwater measurement/ *water metering/ water

-delivery/ calibrations/ meters/. outiets/ transitions/ strictures//

- canals/f furbulence/, erosion/ submergence/ .laboraxory tests/ research
~and development - : :

- IDENTIFIERS-=. propeller me’ters/ open ﬂowmeters,l farm I:ur outs/
accuracy/'callbration curves L




